[Abstract] Functional connectivity in a neural circuit is determined by the strength, incidence, and neurotransmitter nature of its connections (Chuhma, 2015) . Using optogenetics the functional synaptic connections between an identified population of neurons and defined postsynaptic target neurons may be measured systematically in order to determine the functional connectome of that identified population. Here we describe the experimental protocol used to investigate the excitatory functional connectome of ventral midbrain dopamine neurons, mediated by glutamate cotransmission (Mingote et al., 2015) . Root et al., 2014) and dopamine/glutamate neurons (Mingote et al., 2015) . Moreover, optogenetics used in a systematic and comprehensive manner to map the incidence and strength of connections of specific neuronal populations to defined postsynaptic target regions, determines the functional connectome of defined neuronal populations (Chuhma et al., 2011; Mingote et al., 2015) . In this protocol, we describe how to
3 Backfill the glass pipette with virus solution (2 μl per mouse). Secure the pipette tip to the stereotaxic holder arm, and then connect the pipette using PVC tubing to a syringe attached to a 3-way stopcock valve. Put a drop of a virus solution (at least 2 μl per mouse) on a clean surface covered with paraffin to avoid breaking the pipette tip. Move the stereotaxic holder arm to touch the pipette tip to the drop of virus solution and then pull on the syringe to slowly apply negative pressure and fill the pipette with virus solution. Keep the pipette with the virus solution in a closed box, with wet paper towels in the bottom to maintain humidity, until you are ready to inject. Any surfaces in contact with the virus should be cleaned with 10% bleach solution.
www.bio-protocol.org/e2090 4. Apply Puralube VET ointment to the eyes.
5. Place the mouse on a heating pad (37 °C), secure the nose in the mouth bar and nose clamp and stabilize the head using the ear bars.
6. Clean the skin above the skull, first with betadine and then with alcohol.
7. Apply lidocaine solution using a Q-tip. 8 . Using a scalpel blade, make an incision and push the skin covering the skull to the side.
www.bio-protocol.org/e2090 10. Drill holes on both sides and clean the exposed skull with saline.
11. Place the glass pipette with the virus solution in the probe holder of the stereotaxic apparatus and connect the pipette to the solenoid valve using PVC tubing (see schematic in Figure 1 ).
Before lowering the pipette into the brain, make sure that the timed solenoid-controlled pulses of compressed air are efficiently ejecting the virus solution. If the virus solution is not coming out, gently clean the pipette tip using a Kimwipe saturated with saline.
12. Gently pierce the dura with a needle before lowering the pipette. 14. Leave the pipette in place for 3 min after the injection to reduce back flux along the injection track, and then withdraw it.
15. After both injections, clean the skull with saline, push the skin together with a forceps, and close the scalp incision with Vetbond, allow it to cure (1 min), and then apply Neosporin ointment.
Then, remove the animal from the stereotaxic apparatus. 2 Rapidly perfuse intracardially with 1 ml of warm phosphate buffer (30 °C, 0.1 M, pH 7.4) containing 10,000 IU heparin/L, followed by 5 ml of cold phosphate buffer and then by 5 ml of 4% PFA in phosphate buffer.
Materials and Reagents
3 Remove the brain and postfix in 4% PFA solution overnight.
4 Fill each well of the multi-well plate with 1 ml of cryoprotectant solution.
5 Slice the brain on the vibrating microtome at 50 μm to generate coronal sections.
6 Collect sections into the multi-well plate.
7 Keep brain sections at -20 °C until processing.
B. Immunofluorescence staining and imaging (3 days) 1. Wash the sections in the multi-well plate with PBS for 5 min in a shaker (12 rpm); repeat this twice.
2. Move the sections to a new multi-well plate with glycine (100 mM; 1 ml per well) to quench aldehydes, and put the multi-well plate on the shaker for 30 min. 9. Wash the sections in PBS for 5 min; repeat this twice.
10. Mount sections on slides in phosphate buffer and let them dry for 5 min.
11. When completely dried, put a few drops of the mounting medium on the section and coverslip, being careful not to create bubbles.
12. Leave the slides in the dark, overnight at room temperature.
13. Apply nail polish around the edges of the coverslip; this is to prevent the coverslip from moving as the mounting medium will not dry.
14. Store slides in slide storage boxes at 4 °C. The fluorescence signal typically lasts for 2 years.
www.bio-protocol.org/e2090 15. Using a confocal scanning microscope to image the region of interest, in this case the ventral tegmental area and substantia nigra pars compacta (see Figure 1 in Mingote et al., 2015) . Use a mouse atlas to make sure that the same regions are imaged for all subjects.
16. Take confocal photomicrograph stacks (60x oil objective; optical zoom 1.4x, and z-step increment 0.42 μm; 800 x 800 pixels image frames with a pixel size of 0.189 μm 2 ) through the entire tissue section (40 to 60 images).
Data analysis
1. Use ImageJ to adjust for contrast and brightness of the confocal stacks linearly.
2. Make a z-projected image of the confocal stacks (this image will be used to count) but keep the image with all the confocal stacks also open (this image will be used to identify the different types of cells). 3. Make 300 μm thick slices for each area of interest. To establish the functional connectome of the VTA dopamine neurons, recordings were done in four different coronal sections containing the striatum, the amygdala, the hippocampal formation, or the anterior cortex.
4. Preincubate slices in high-glucose aCSF saturated with carbogen for at least 1 h at room temperature for recovery.
5.
During the incubation time, pull patch pipettes with pipette resistance between 4 and 8 MΩ (tip diameter ~1 µm).
6. Transfer one slice to the recording chamber (submerged, 500 μl volume) on the stage of the fluorescence microscope and secure the slice with the harp. The recording chamber should be continuously perfused (1.5 ml/min) with standard aCSF (125 mM NaCl, 2.5 mM KCl, 25 mM NaHCO3, 1.25 mM NaH2PO4, 2 mM CaCl2, 1 mM MgCl2 and 25 mM glucose; see Recipes section) saturated with carbogen, and maintained at 31-33 °C.
7. Glutamatergic responses are isolated by blocking dopamine, GABA and acetylcholine actions with a cocktail of antagonists added to the perfusate: 10 μM SR95531, 3 μM CGP55345, 10 μM SCH23390, 10 μM (−)-sulpiride and 1 μM scopolamine.
8. Focus on the area of interest using a 10x objective and then use the 60x and a camera to identify the cell to patch. All recordings should be done in areas with visible ChR2-EYFP axons. 14 pipette in the pipette holder on the micromanipulator. Before immersing the pipette tip in the bath, apply a gentle positive pressure to the glass pipette; this prevents dilution of the intracellular solution due to aspiration of bath solution and clogging of the pipette.
11. Advance the pipette to the chosen cell with the micromanipulator. After touching the cell membrane with the tip of the pipette, gently advance to dimple the membrane. Release the positive pressure and confirm that the tip resistance increases, then apply gentle negative pressure to the pipette and apply negative holding potential to achieve a GΩ seal, wait 1-2 min for the seal to maximize. Apply further negative pressure to rupture the membrane at the tip of the pipette for whole cell recording, quickly releasing the negative pressure from the pipette after breaking through.
12. To minimize baseline noise for better detection of small amplitude excitatory postsynaptic currents (EPSCs) series resistance is not compensated (see Notes).
13. Data acquisition using Axograph X or pClamp commences 5 min after achieving whole-cell mode, to allow for diffusion of intracellular solution into recorded cells. 15. Glutamatergic responses should be confirmed by perfusion of 40 μM CNQX, allowing at least 5 min after drug application for full effect.
Data analysis
1. For each cell, average 10 consecutive traces. Discard the first trace, since the EPSC amplitude is always significantly larger due to the rested state of the synaptic connection.
2. Measure the peak amplitude within the 50 msec post-photostimulation time window.
3. The detection threshold for determination of connections should be set to the mean plus 2 standard deviations of the baseline (including spontaneous EPSCs) amplitude in the 100 msec time window preceding the photostimulation. When the peak amplitude of post-photostimulation EPSCs exceeds this threshold, the cell is counted as having a dopamine neuron glutamatergic connection (see Figure 5 ).
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However, series resistance compensation should be considered for recordings of larger and faster responses, online or offline (with analysis software).
3. To improve the identification of the postsynaptic cell, it is possible to genetically target the recorded cell with GFP or fill the recording cell with a fixable marker (e.g., biocytin, Alexa fluorescent dyes) and then fix the tissue for double labeling of the cell with a known cell marker. 
Recipes
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Add 25.4 mg of ATP-Na2
Add 3.9 mg of GTP-Na2
Filter the solution with a 2 μm filter Make 1 ml aliquots and store them at -20 °C
